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Pregnantwomen presentwith burns relatively seldom (i.e. they
comprise 7% of women of reproductive age who sustain burns)1,3
and are more unusual in developed than in developing countries.6
Thermal injury has been reported to increase morbidity and
mortality of mother and infant; survival is directly related to both
gestational age at time of trauma and extent ofmaternal injury, the
greater risk occurringwhen>60% of burned total body surface area
is burned.10,11 Although no established management protocol
exists, strict avoidance of hypoxia, hypotension and acidosis is
unanimously pursued, particularly during the acute phase.
Unfortunately, most popular resuscitative regimens offer only
an estimate of ﬂuid volume requirement. This estimate may be
excessive in individual cases and bring about an unnecessary
degree of oedema.5 Although functional haemodynamic monitor-
ing would allow more precise calculation of ﬂuid volume
replacement, a less sophisticated approach is usually followed;
physiological responses to administered ﬂuids are traditionally
assessed simply by monitoring vital signs and hourly urine
output.2 Indeed, for both historical and practical reasons, fears
of massive soft-tissue oedema accumulation and of infection
actually conﬁne the use of haemodynamicmonitoring to refractory
shock or pre-existing cardiovascular disease.2
This attitude has recently been challenged by the acceptance of
transpulmonary thermodilution as a minimally invasive method
for measuring the cardiac output of severely burned people.7 The
technique has increasingly been used to guide safe volume
replacement, on the basis that normalisation of intrathoracic
blood volume (ITBV) represents a convenient resuscitative end
point.7 Furthermore a new, hemodynamically guided protocol
termed ‘‘permissive hypovolemia’’ for burn shock resuscitation has
recently been developed, aiming to reduce oedema-related organ* Corresponding author. Tel.: +39 264 442 469; fax: +39 264 442 908.
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pregnant woman with 70% of total body surface area burned was
successfully resuscitated by permissive hypovolaemia.
2. Case report
A 36-year-old pregnant woman (13 weeks’ amenorrhoea), with
ﬂame burns involving 70% of her total body surface area (15% full
thickness, 45% deep partial and 10% superﬁcial burns) was
admitted within 30 min from injury to the emergency department
of Niguarda Ca’-Granda Hospital. Supplemental oxygen, intrave-
nous opiates and 1000 ml crystalloids were administered before
hospital admission. In view of the extent and site of the burn,
intratracheal intubation was performed in the emergency depart-
ment; no inhalation injury was observed. Transfusion of Ringer’s
lactate solution was immediately started, according to the
Parkland formula. A thermistor-equipped catheter was inserted
into the femoral artery for ITBV and extravascular lung water
measurement by transpulmonary thermodilution, and continuous
cardiac output measurement was obtained by pulse contour
analysis (PiCCO1 System, Pulsion Medical Systems, Munich,
Germany). Finally, foetal vitality was assessed by an obstetric
consultant via ultrasound examination and was found to be
normal.
Within 150 min from injury, the woman was admitted to our
general intensive care unit (ICU) as the specialised burn unit was
unequipped for assisting casualties receiving mechanical ventila-
tion. A total of 2000 ml crystalloids, including pre-hospital ﬂuids,
were administered at that time. Thereafter, permissive hypovo-
laemia was carried out as follows.
The hourly infusion regimen was progressively reduced to a
minimum that allowed for at least 2.2 l/(min m2) of cardiac index
and 20 ml/m2 of indexed stroke volume throughout the ﬁrst 8 h.
One ormore pulse-doses of 250 ml 6% hydroxyethylstarch solution
were added to the administered ﬂuids whenever cardiac index or
indexed stroke volume fell below their minimum threshold value.
Doubling of initially normal arterial blood lactates or levels
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formula.
After the ﬁrst 8 h, the hourly dose of Ringer’s lactate solution
was gradually (over 4–6 h) reset to the Parkland formula volume,
the maximum corresponding cardiac index increase being noted
(CImax). Thereafter, ﬂuids were again reduced until cardiac index
decreased to approximately 80% of CImax value, and the ﬁnal
volume was taken as the maintenance hourly dose for the
remainder of the 24-h period. The hourly urine output was of
minor concern, provided that the average volume never dropped
below 0.5 ml/(kg h). A plasma creatinine level >132.6 mmol/l,
anuria for >2 h (consecutive), serum potassium >5.5 mmol/l or
creatine kinase level >5000 IU/dl prompted the immediate
resumption of the Parkland formula.
In our case, the initial ITBV assessment showed a 30% reduction
of central blood volume to 575 ml/m2 (normal range: 800–
1000 ml/m2), reﬂecting moderate to severe hypovolaemia. Never-
theless, the cardiac index was normal (3.7 l/(min m2)) because of
slight tachycardia (103 bpm) and increased cardiac contractility
(maximum ﬁrst derivative of pressure 2300 mmHg/s). As a
consequence, both arterial blood lactate (1.49 mmol/l) and
superior vena cava oxygen (78%) were initially normal. In Fig. 1,
the time proﬁle of administered volume as achieved by permissive
hypovolaemia is compared with the pattern predicted by the
Parkland formula; during the ﬁrst 8 h, permissive hypovolaemia
allowed minimisation of the hourly infusion rate to a mere 25% of
the predicted value. Decreased ﬂuid administration obviously
caused a rapid decline of cardiac index to approximately 2.0 l/
(min m2), the ITBV also decreasing to 456 ml/m2 (Fig. 2). Never-
theless, arterial blood lactate showed only a slight increase. Four
doses of 250 ml hydroxyethylstarch solution were required to
maintain the cardiac index above its minimum threshold value
(Fig. 2). As little as 7 l of ﬂuid (including pre-ICU ﬂuids) were
administered by permissive hypovolaemia during the ﬁrst 8 h, i.e.
33% less than the amount predicted by the Parkland formula
(10.5 l). Thereafter, the infusion rate was gradually reset to the
Parkland volume (Fig. 1), so that the cardiac index reached a CImax
value of 3.2 l/(min m2) within 4 h (Fig. 2). Subsequently, Ringer’s
lactate solution was reduced again until 85% of CImax was achieved
(Fig. 2), the ﬁnal volume accounting for 60% of the estimatedFig. 1. Time proﬁle of ﬂuid volume administered using permissive hypovolaemia. The volu
area). Art, arterial; CImax, maximum cardiac index increase; CImin, minimum cardiac inhourly requirement according to the Parkland formula (Fig. 1).
However, a further 30% volume decrease was obtained by this
reduction (3.2 l), as ﬂuids were kept constant until the end of the
24-h period.
No haemodynamic deterioration occurred in spite of the ﬂuid
maintenance regimen, probably because of initial capillary
permeability recovery (Fig. 2). Overall, a 32% reduction of 24-h
volume was achieved by permissive hypovolaemia (14.3 l) as
compared with the Parkland formula (21.0 l). Not surprisingly,
approximately half of the cumulative ﬂuid gain was obtained
during the time of maximum capillary permeability increase, i.e.
during the ﬁrst 8-h period.
Adequate resuscitation was obtained at the end of the ﬁrst 24-h
period. During the second post-burn day, the volume of main-
tenance ﬂuids administered approximately equalled the sum of
evaporative water losses plus the patient’s requirement for normal
maintenance volume.
Neither maternal nor foetal harm occurred during permissive
hypovolaemia, as inferred by the mildness of biochemical
abnormalities (Table 1) and normal 24-h ultrasound examination.
Finally, during the resuscitation period the average urine output
was 0.64 ml/(kg h). Within 2 weeks the woman could be
transferred to the specialised burn unit, and she went home 50
days later at 23 weeks’ amenorrhea. Ultrasound examination
before hospital discharge conﬁrmednormal foetalmorphology and
growthwithin the 10th percentile, and a normal, healthy babywas
delivered at 33 weeks of pregnancy.
3. Discussion
In this case, in the context of pregnancy, substantial reduction
of resuscitation volume was safely obtained by permissive
hypovolaemia. The new resuscitative approach neither delayed
successful resuscitation nor harmed mother or foetus, as hypoxia,
hypotension and acidosis could be avoided by close haemody-
namic monitoring and careful consideration of capillary perme-
ability increase and transcapillary ﬂuid shift.
Intravascular volume is unresponsive to even themost vigorous
resuscitative efforts during the ﬁrst 12 h,4,8 the only appreciable
effect of these efforts being an unnecessary increase of post-burnmeproﬁle predicted by Parkland’s formula is also shown for comparison (shadowed
dex increase.
Fig. 2. Cardiac index proﬁle (shadowed area) throughout the ﬁrst 24-h period. The hourly administered volume (bottom line) and time course of initial intrathoracic blood
volume assessment (ITBVI) are also indicated. CImax, maximum cardiac index increase; C, bolus of hydroxyethylstarch solution.
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minimised during this time period, provided sufﬁcient vital organ
perfusion was indicated by close haemodynamic monitoring. Not
surprisingly, most signiﬁcant ﬂuid reduction occurred during the
ﬁrst 8-h period, i.e. during the time of maximum capillary
permeability increase. Thus permissive hypovolaemia has enabled
us to substantially reduce post-burn oedema accumulation,
resulting in less organ damage.4
To our knowledge, there are few published case histories of
severe burn during the ﬁrst trimester of pregnancy with the
mother successfully delivering at term, and this is the ﬁrst case
report where the Parkland volume has been deliberately reduced
in such circumstances. Although it is well recognised that some
casualties may effectively be resuscitated by less than the
predicted volume, our practice of permissive hypovolaemia
decreased ﬂuid administration by 32% when the Parkland formula
would have recommended highest supply.Table 1
Most relevant physiological and biochemical parameters throughout initial 48 h
post-burn.
Parameter Initial value Most abnormal value
Temperature (8C) 35.5 34.5
Heart rate (bpm) 90 79
Systolic arterial pressure (mmHg) 130 105
Mean arterial pressure (mmHg) 86 75
Haemoglobin (mmol/l) 2.21 2.49
Haematocrit (volume fraction) 0.43 0.48
Venous oxygen saturation (%) 78 76
Serum sodium (mmol/l) 132 149
Serum potassium (mmol/l) 3.4 4.9
Arterial blood lactate (mmol/l) 1.49 2.49
Plasma creatinine (mmol/l) 48.6 48.6
Creatine kinase (IU/ml) 71 528
Plasma protein (g/dl) 47 29
Serum bilirubin (mmol/l) 16.4 22.1
PaO2/FiO2 ratio 460 420
Platelet count (109 l1) 282 72
Bpm, beats per min; PaO2, partial pressure of arterial carbon dioxide; FiO2,
fractional concentration of oxygen inspired.In a study of 51 pregnant women with a mean 40% total body
surface area burned, the rate of foetal death across the ﬁrst
trimester exceeded 45%.10 Severe burn exposes the utero-
placental unit to acute hypovolaemia, with increased risks of
foetal hypoperfusion, hypoxia and acidosis through massive
extravascular ﬂuid shift into both burned and unburned tissues.
Large amounts of prostaglandins are released into the maternal
circulation as a result of the burn insult, and these in turn lead to
increased uterine activity with the potential for ultimate foetal
distress and premature labour. Permissive hypovolaemia would
therefore seem illogical, as theoretically it would increase the
risk of hypoperfusion for bothmother and foetus. Although in our
study practical and technical reasons prevented the use of foetal
circulatory monitoring during the resuscitation period, the risk of
hypoperfusion seemed in fact only minimally increased (com-
pared with perfusion obtained with the standard Parkland
formula) because ﬂuids were reduced during the time of
maximal volume unresponsiveness. Indeed, permissive hypovo-
laemia seemed well tolerated by the foetus, as reﬂected by
normal ultrasound examination during the post-resuscitation
period.
We valued the close haemodynamicmonitoring, as it generated
important physiological informationwhich could not be otherwise
calculated or inferred by vital signs and hourly urine output.
Certainly, in this case the pregnancy-related increase of both
cardiac output and circulating plasma volume9 exerted some
protective effects against critical hypovolaemia. Additionally, both
the augmented sympathetic tone and excellent cardiac contrac-
tility contributed to maintaining normal cardiac output.
In conclusion, permissive hypovolaemia seems safe and feasible.
Functional haemodynamic monitoring is essential for the better
reﬁnement of resuscitation volumes, allowing substantial oedema
reduction even in complex life-threatening situations.
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